The dirac quasinormal modes of the Reissner-Nordström black hole surrounded by quintessence are investigated using the third WKB approximation. We find that the magnitude of the imaginary part of the quasinormal mode frequencies increases firstly and then decreases as the charge Q increases, but it decreases as the absolute value of w q increases. The magnitude of the imaginary part of quasinormal complex frequencies is smaller than those with no quintessence. That is to say, the dirac field damps more slowly due to the presence of quintessence.
I. INTRODUCTION
The concept of QNMs (quasinormal modes) [1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17] was firstly pointed out by Vishveshwara [18] in calculations of the scattering of gravitational waves by a black hole. Due to the waves emitted by perturbed black holes there are no normal mode oscillations but instead of quasi-normal mode frequencies, with the real part representing the actual frequency of the oscillation and the imaginary part representing the damping. Quasinormal mode frequencies are the solutions of the perturbation equations, which satisfy the boundary conditions appropriate for purely ingoing waves at the horizon and purely outgoing waves at infinity. Quasinormal modes are regarded as the "characteristic sound" of black holes. Indeed, quasinormal ringing could provide the direct evidence of the existence of black holes if observed by LIGO (the Laser Interferometric Gravitational Wave Observatory), GEO600, VIRGO, TAMA300, etc. Recently, Kiselev [19] considered Einstein's field equations for a black hole surrounded by the quintessential matter and obtained a new solution, which depend on the state parameter w q of the quintessence. From then on, several people investigate the property of the black hole surrounded by quitessence [20, 21, 22, 23, 24, 25, 26, 27, 28] , and get some valuable conclusion. In this paper, we use the third-order WKB approximation to explore the quasinormal modes of massless Dirac perturbation [29, 30, 31, 32, 33] in RN(Reissner-Nordström) black hole surrounded by quintessence.
II. DIRAC EQUATION IN THE SPACETIME OF THE REISSNER-NORDSTRÖM BLACK HOLE SURROUNDED BY QUINTESSENCE
The metric for the RN black hole surrounded by the static spherically-symmetric quintessence can be expressed as [19, 27] 
with
where M represents the black hole mass, w q is the quintessential state parameter, c is the normalization factor related to ρ q = − c 2 3w q r 3(1+wq) , and ρ q is the density of quintessence. The massless Dirac equation in a general background spacetime can be written as [34] [γ a e
where γ a are the Dirac matrices,
e µ a is the inverse of the tetrad e a µ , which defined by the metric g µν ,
with η ab = diag(−1, 1, 1, 1) being the Minkowski metric. Γ µ is the spin connection which is defined as
where e bν;µ = ∂ µ e bν − Γ α µν e bα is the covariant derivative of e bν , and Γ α µν is the Christoffel symbol. we take the tetrad as
, r, r sin θ).
Then, the Dirac equation (3) becomes
Defining
Eq. (8) becomes
Introducing a tortoise coordinate change
and the ansatz
with spinor angular harmonics
Eq.(10) can be written in the form
The cases for (+) and (−) in the functions F ± and G ± can be put together, and then the two decoupled equations can be expressed in the form
The potentials V 1 and V 2 are supersymmetric partners derived from the same superpotential. It has been demonstrated that potentials related in this way have the same quasinormal mode complex frequencies [35] . We shall concentrate just on Eq. 14 with potential V 1 in evaluating the quasinormal mode frequencies for the massless Dirac field by the third WKB approximation.
III. WKB APPROXIMATION AND MASSLESS DIRAC QUASINORMAL MODE FREQUENCIES IN THE REISSNER-NORDSTRÖM BLACK HOLE SURROUNDED BY QUINTESSENCE
WKB method, a semianalytic technique for determining the quasinormal mode complex frequencies of black holes was presented by Schutz and Will [36] at the second order. Later, S. Iyer and C. M. Will [37] developed the method to the third order and R. A. Konoplya [38] extended it to the sixth order. Generally speaking, for the low-lying QNMs, the approach is quite accurately. The method has been used to calculate the quasinormal frequencies for the Schwarzschild 
where
and
We take M = 1, c = 0.001 and M = 1, c = 0 for our calculation. And c = 0 means there is no quintessence. Fig.1 shows the variation of the effective potential for the massless Dirac field with |κ| in RN black hole surrounded by quintessence for fixed w q = −0.6, Q = 0.5 and c = 0.001. From Fig.1 we can find that the peak value of potential barrier gets higher and the location of peak moves along the right as |κ| increases. Fig.2 shows the variation of the effective potential for the massless Dirac field with Q in RN black hole surrounded by quintessence for |κ| = 5, w q = −0.6 and c = 0.001. From Fig.2 we can see that as Q increases the peak value of potential barrier gets higher and the location of peak moves along the left. Fig.3 shows the variation of the effective potential for the massless Dirac field with w q in the RN black hole surrounded by quintessence for |κ| = 5, Q = 0.5 and c = 0.001. From Fig.3 we can find that as the absolute value w q increases the peak value of potential barrier gets lower. The quasinormal frequencies of the massless Dirac particles in the Reissner-Nordström black hole surrounded by quintessence(for fixed c=0.001) or no quintessence for different Q, w q , |κ| and n (for 0 ≤ n < κ|)are presented in tables I-VI and figures 4-7 by using the third WKB approximation.
CONCLUSION AND DISCUSSION
We have calculated the low-lying QNM frequencies for massless Dirac field in the Reissner-Nordström black hole surrounded by quintessence using the third WKB approximation. The results indicate that the quasinormal frequencies not only depend on the mass M, the charge Q, but also the quintessential state parameter w q . From the tables I-VI and figures 4-7 we find the main results as follows: a)The magnitude of the real part of the quasinormal mode frequencies increases, while the magnitude of the imaginary one increases firstly to a maximum at the vicinity of Q = 0.7 and then decreases as the charge Q increases for fixed c = 0.001, |κ|, n and w q . b)The magnitude of the real and the imaginary part of the quasinormal mode frequencies decreases as the absolute value of w q increases for fixed c = 0.001, |κ|, n and the charge Q. It means that when the absolute value of w q is larger, the oscillations damp more slowly. c)The magnitude of the real and the imaginary part of quasinormal mode frequencies with quintessence are smaller than those with no quintessence for fixed |κ| and n. Therefore, we conclude that due to the presence of quintessence, the oscillations of the massless Dirac field damps more slowly. 
